Previous studies have reported that ARHGEF39 might be frequently upregulated in different cancer types and relevant to cancer progression. However, the expression pattern and clinicopathological features of ARHGEF39 in patients with hepatocellular carcinoma (HCC) needs further exploration.
Background
Hepatocellular carcinoma (HCC) is a major pathological type of primary liver cancer. The death it causes has become the fourth leading cause of cancer death in the world and remains second in the mortality rate of malignant tumors in China [1, 2] . Although the early diagnosis, surgical treatment, and comprehensive therapy of HCC have advanced greatly in recent years, the prognosis for HCC remains poor because of its high rates of local recurrence and distant metastasis [3] .Therefore, it is of critical importance to discover and validate novel diagnostic and prognostic biomarkers of HCC.
The Rho family of small GTPases plays crucial roles in actin cytoskeleton regulation, cell polarity, cell migration, and cell proliferation [4] [5] [6] [7] . Previous studies have shown that the abnormal regulation of GTP enzymes in the RHO family might be related to the occurrence and migration of tumors and is regulated by the Dbl family of guanine nucleotide exchange factors (GEFs) [8, 9] . Several Dbl-family GEFs have been found to be implicated in development and progression of tumors. For example, elevated of Tiam1 promotes lung cancer metastasis and is correlated with poor outcome via epithelial-mesenchymal transition [10] . Tiam2 enhances cell invasion and motility in liver cancer cells via Sp1-mediated transcriptional activation [11] .
ARHGEF39, also known as C9orf100, is a member of the human Dbl family of guanine nucleotide exchange factors (RhoGEFs) which are important activators of Rho family small GTPases [12] . The overexpression of ARHGEF39 has also been identified in various human malignancies, including non-small cell lung cancer [13] , gastric cancer [14] ,and hepatocellular carcinoma [15] . Together these data suggest that ARHGEF39 might be frequently upregulated in different cancer type and associated with cancer progression. Previously, it was reported that the mRNA level of ARHGEF39 in HCC samples was significantly upregulated compared to that of adjacent non-tumor tissues. Increased expression of ARHGEF39 mRNA was positively correlated with the number of nodules and with serum alpha-fetoprotein (AFP) levels [15] . However, we still have little understanding of the expression and prognostic relevance of ARHGEF39 protein in HCC. The objective of this research was to thoroughly analyze ARHGEF39 protein expression patterns and its potential role as diagnostic and prognostic biomarkers in HCC.
Material and Methods

Patients and clinical specimens
We included 135 archival paraffin-embedded HCC tissues and their paracancerous tissues from the pathological specimen database of our hospital between February 2009 and December 2013. The details of the patient are shown in Table 1 . The median age of the 135 patients was 52.9 years old (ranging from 25 to 85 years old). Among the 135 patients, 50 patients were 50 years old or younger, and 85 patients were older than 50 years of age. A total of 45 tumors were classified as poorly differentiated, while 90 were classified as moderately or highly differentiated. Inclusion criteria were: patients histologically confirmed HCC by experienced pathologists; all patients who had received no radiotherapy or chemotherapy before hepatectomy; and according to the TNM classification of the International Union against Cancer (UICC) in 2003, all the patients were classified into I, II, III, or IV stage. Whereas exclusion criteria were patients who have received any prior antitumor therapies. In addition, 19 pairs of fresh samples of human HCC and corresponding paracancerous tissues (at least 2 cm away from the tumor edge) of HCC were obtained for quantitative real-time polymerase chain reaction (qRT-PCR) analysis from the same hospital. Samples were stored at -80°C until use. The follow-up ended on June 30, 2018, or when patients died. The median follow-up was 46.1 months (ranging 1.0 to 112 months). Ethical approval was given by the medical ethics committee of our institution and all participants.
Data mining in The Cancer Genome Atlas (TCGA) for HCC Datasets of HCC were downloaded from the Cancer Genome Atlas (TCGA) database to evaluate the mRNA level of ARHGEF39 in HCC tissues. We firstly obtained the RNAseq data of 374 HCC tissues and 50 paracancerous tissues together with the clinical data. Secondly, we detected the expression of ARHGEF39 from mRNA profiles and then, we forecasted the mRNA expression of ARHGEF39 by mining TCGA database and assessed their prognostic value by using the Kaplan-Meier survival curves in HCC patients
Immunochemical staining and evaluation
According to the manufacturer's protocol, immunohistochemistry was performed with ARHGEF39 primary antibody (HPA061299, Sigma) at a dilution of 1: 100. The results were determined using a blind method, and each slice was counted by 2 pathologists. The immunoreactive score (IRS) was calculated according to the staining intensity (SI) multiplied by the percentage of staining positive cells (PP). The detailed score standards were as follows: SI (ranging from 0-3 scores): 0 was negative, 1 was weak, 2 was moderate and 3 was strong; the percent positivity was scored as 0 (0, negative), 1 (1% to 25%,), 2 (26% to 50%), 3 (51% to 75%), and 4 (76% to 100%). The IRS score ranged from 0 to 12. High expression of ARHGEF39 was defined as IRS >4, and low expression of ARHGEF39 was defined as IRS £4. 
The qRT-PCR assays
Total RNA was extracted from the 19 pairs of fresh-frozen cancerous and paracancerous tissues using TRIzol reagent (Invitrogen, Carlsbad, CA, United States), quantification and concentration of total RNA was determined using NanoDrop 2000 Spectrophotometer (Thermo Fisher Scientific, USA) and Invitrogen Qubit 3.0 Spectrophotometer (Thermo Fisher Scientific, USA). Then RNA was reverse transcribed into complementary DNA (cDNA) using a PrimeScript RT reagent kit (Takara Bio Inc., Japan). The qRT-PCR assays were conducted using the 7900HT Fast Real-Time PCR System (ABI, USA) and SYBR-Green I reagent (Sigma, USA). The ARHGEF39 mRNA level in each sample was normalized to human GAPDH. The primer sets used were: ARHGEF39, forward: 5'-GGATCCTGAAAGCCAAGGGG-3', reverse: 5'-TCCAGGTAGGGAAGCAGCTC-3'; GAPDH, forward: 5'-GGAGTCCACTGGCGTCTTCA-3', reverse: 5'-GCAGAGGand GGGCAGAGATGAT-3'.
Relative mRNA expression levels were analyzed by using the 2 -DDCt method. Experiments were performed at least 3 times independently.
Statistical analysis
We used SPSS 19.0 software to perform the statistical analysis. The chi-square test was used to determine the relationship between ARHGEF39 expression and the clinicopathological factors of HCC patients. Kaplan-Meier and Log-rank test were employed to identify the variables related to disease-free survival (DFS) and overall survival (OS) in HCC patients. The statistically significant parameters in univariate analysis were selected for Cox multivariate analysis to determine its prognostic value. P<0.05 indicates that the difference was statistically significant.
Results
High frequency expression of ARHGEF39 mRNA and protein in HCC Firstly, the mRNA expression profiles of ARHGEF39 in HCC and normal live tissues was shown by the bar graph in Figure 1A (P<0.001). Genome data of 374 independent HCC patients downloaded by TCGA (including 50 pairs of cancer and adjacent tissues) showed that ARHGEF39 was significantly upregulated in HCC patients compared with adjacent tissues. Then, in order to authenticate the veracity of the expression of ARHGEF39 in HCC, we used qRT-PCR and immunohistochemistry techniques to assess ARHGEF39 expression in cancer and noncancerous tissues (Figures 2, 3) , at the transcriptional level, The median ARHGEF39 mRNA level was remarkably increased in HCC tissues compared to peritumor liver (P<0.05), as depicted in Figure 2 . The results of immunohistochemical staining ( Figure 3 ) showed that ARHGEF39 mainly appeared in the cell membrane and cytoplasm of HCC cancer cells. High ARHGEF39 expression levels were detected in 76 of the 135 (56.3%) HCC cancer tissues (Table 2) Figure 4A ). In addition, the high ARHGEF39 expression group also had a significantly higher ratio of stages III/IV patients (30 out of 7, 39.5%) than low ARHGEF39 expression group (13 out of 59, 22.0%; P=0.040; Table 1 , Figure 4B ). In addition, there was no significant association between ARHGEF39 expression and age, gender, HbsAg, tumor size, tumor nodules, vascular invasion, tumor capsule, histological differentiation, cirrhosis, BCLC stage, or Child-Pugh score. 
High expression of ARHGEF39 might rightly be ranked as one of the risk factors affecting the prognosis of HCC
The prognostic performance of high ARHGEF39 expression in HCC patients from the TCGA cohorts was evaluated by Kaplan-Meier risk estimates. Intriguingly, there was a positive correlation between the poorer OS rate and the higher expression of ARHGEF39 in patients with HCC (TCGA, P=0.006) ( Figure 1B) . Then, these findings were clearly verified by our own survival analysis data. As shown in Figure 5 , higher expression of ARHGEF39 was significantly associated with worse OS and poorer DFS in HCC patients.
Independent prognostic value of ARHGEF39 expression in HCC patients after hepatectomy
The univariate analysis indicated that ARHGEF39 expression, vascular invasion, BCLC stage, TNM stage, and Child-Pugh score were directly correlated with both OS and DFS. Furthermore, by Cox multivariate survival analysis, we found that high ARHGEF39 expression, TNM stage, and Child-Pugh score were confirmed as independent prognostic indicators influencing the prognosis of HCC patients (Tables 3, 4 ). 
Discussion
In this study, patients' information and gene expression profiles in the TCGA database were initially studied to predict that ARHGEF39 mRNA expression in liver cancer tissues and were found to be significantly higher than that in corresponding peritumor tissues. Then, immunohistochemical staining was performed to validate the expression level of ARHGEF39 at the protein level. We found that ARHGEF39 protein was mainly located in cell membrane and cytoplasm, and its positive expression rate in HCC was clearly higher than that in pericancerous tissues. Our own experimental data verified the results of the bioinformatics assay. In addition, we also found that the high expression of ARHGEF39 in cancerous tissues revealed a positive correlation with the levels of serum AFP and might be closely correlated with enhanced TNM stage of HCC. Collectively, our data and these studies indicated that ARHGEF39 is not only a useful predictive marker of early emerging HCC in patients but also might play a key role in the progress of HCC.
Based on the results of our univariate analysis, we demonstrated that tumor size >5 cm, vascular invasion, stage III-IV of TNM, stage C-D of BCLC, and Child-Pugh B score were responsible for the lower DFS and OS. This result is consistent with the earlier report which states that tumor size is a highly significant prognostic variable for local recurrence of HCC. The 5-year recurrence rate for HCC <5 cm was significantly lower than those for HCC ³5 cm, tumor size might be a significant prognostic factor for recurrence and overall survival [16, 17] . Vascular invasion, whether macrovascular or microvascular invasion, is a marker of aggressive biological behavior of tumors and is currently one of the most relevant risk factors predictive of HCC recurrence [18, 19] . HCC has a high tendency to invade the portal vein system and forms a portal vein cancer thrombus (PVTT), which is the most common form of macroscopic tumor thrombus [20, 21] . PVTT is an important prognostic factor in patients with HCC and multivariate analyses have shown it to be a significant and independent prognostic factor that influences patient survival [22] . The formation of portal vein tumor thrombus seriously hinders the surgical treatment of patients with HCC. Even if the operation is carried out, it is easy to metastasis and recurrence in a short period of time, which affects the prognosis of the patients. The presence of microvascular invasion in HCC was assessed based on pathological reports from surgical specimens and was defined as tumor thrombus in the hepatic veins, portal venous system and/or lymphatic ducts that was visible only on microscopy [23, 24] . Microvascular invasion is also considered an important predictor for postoperative recurrence and prognosis of HCC [25] . The Child-Pugh classification was often used to evaluate the preoperative liver function in patients with HCC. In our study, the OS observed was significantly different between patients with Child-Pugh A and Child-Pugh B (median OS was 63.5 months versus 16.6 months, P<0.001). This result was consistent with recent findings by Kong et al. (2017) who reported that Child-Pugh classification was a prognostic factor for OS, and the OS of patients in the class A group was significantly longer than that of the class B group (median OS was 31 months versus 18 months, P<0.001) [26] . The BCLC stage was originally developed for patients undergoing HCC resection and was more accurate than indocyanine green clearance test and Child-Pugh score in predicting survival after resection in patients with HCC [27] . The BCLC stage performed better than other multidimensional staging systems, even after stratification by curative or palliative treatment. This scoring system seems to be particularly useful for predicting individual HCC prognosis in clinical practice [28] . The findings by the Cox multivariate survival analysis indicated that ARHGEF39 overexpression, stage III-IV of TNM and Child-Pugh score were independent prognostic indicators for survival of patients with HCC. This was in agreement with a previous study showing that advanced TNM stage was associated with unfavorable survival in HCC [29] . And the rates of 1-year, 3-year, and 5-year DFS and OS were significantly higher in TNM stage I group compared with that in TNM stage II-III group [29] .
Overexpression of ARHGEF39 was shown to increased Akt activation but had no effect on ERK activation. Knocking down ARHGEF39 was shown to inhibit gastric cancer cells migration, invasion, and tumorigenic growth. Downregulation of ARHGEF39 expression using an RNA silencing approach in gastric cancer cells inhibited migration and invasion in gastric cancer cell lines, as well as suppressed in vivo tumor growth and metastasis in a nude mouse xenograft model [14] . Upregulated ARHGEF39 protein expression has also been seen in lung adenocarcinoma cells trains and tissues compared to normal bronchial epithelial cells, and siRNA-directed inhibition of ARHGEF39 inhibited lung cancer cells growth and invasion and was involved in the regulation of P38-ATF2 signaling pathway [13] . Furthermore, it was also reported that ARHGEF39 overexpression promoted the cell invasion and migration abilities of HCC cancer cells, whereas knockdown of this target gene by RNA interference inhibited these processes of human HCC MHCC-LM6 cells [15] .
Invasion and metastasis are the most significant and intrinsic biological characteristics of cancers, the progress of neoplasm metastasis is associated with poor survival. Frequent metastasis causes early postoperative recurrence and poor clinical outcome in HCC patients. In our study, Kaplan-Meier analysis showed that DFS and OS of ARHGEF39 upregulated group were significantly shorter. In addition, multivariate Cox analysis demonstrated that overexpression of ARHGEF39 was an independent predictor of HCC outcome. We conjecture that the increased expression of ARHGEF39 in HCC may improve tumor invasion and metastasis by increasing the migration capacity of tumor cells, resulting in a worse prognosis in patient with HCC.
However, there were several limitations to our study that must be considered. First, the patients involved in this study were all from the Chinese population and most of them were hepatitis B patients. Other factors, including lifestyle patterns (cigarette smoking, habitual alcohol drinking), aflatoxin exposure, and hepatitis C virus (HCV) superinfection might also influence survival in patients with hepatitis B virus (HBV)-related liver failure [30] . In addition, this was a retrospective, single center-institutional analysis, limited sample size, as well as bias caused by single-center analysis. Large multicenter trials are needed to investigate in the future. Finally, we have not explored the upstream and downstream of signal transduction pathways in this study, which will be clarified in future research.
